High Transmittance Sub-Wavelength Structure Polarization 

Module 

1. FIELD OF THE INVENTION 

[0001] The present invention relates to a high transmittance sub- 
wavelength structure polarization module, and more particularly, to a 
grating structure measured in nanometer with beam splitter and phase 
retardation capabilities for enhancing transmission efficiency. 

2. BACKGROUND OF THE INVENTION 

[0002] Polarized light are used in many optical systems, such as the 
optical pickup head of CD-ROMs, LCD, optical communications, optical 
lens, and sunglasses, etc. However, when a light consisted of two 
polarized lights passes through a conventional polarizer, the material or 
the multi-layer coating of the polarizer only allows one of the two 
polarized lights to pass through while the other polarized light will either 
be absorbed or reflected. Therefore, although the polarizer is capable of 
providing a polarized light with a specific polarization, more than 50 % of 
the light will be lost. For better utilization of the light, the present 
invention provides a high transmittance sub-wavelength structure 
polarization module to improve the transmission efficiency. 

SUMMARY OF THE INVENTION 

[0003] The primary object of the present invention is to provide a high 
transmittance sub- wavelength structure polarization module capable of 
improving the transmission efficiency thereof. 

[0004] To achieve the above-mentioned object, the high transmittance 
sub-wavelength structure polarization module comprises: a substrate 
having a top surface and a bottom surface, a plurality of collimation units, 
and a plurality of light sources, wherein, the top surface of the substrate 
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has a plurality of projecting parts and a plurality of sunken parts, and a 
first-wavelength structure is disposed on the sunken part and a second- 
wavelength structure is disposed on the projecting part, and the 
collimation units are arranged on the bottom surface corresponding to the 
positions of the sunken parts, and the light sources are further arranged 
beneath the corresponding collimation units, so that the light coming from 
the light sources can be guided into the sunken parts. 

[0005] To further describe the features, objects and functions of the 
present invention, drawings and detailed description of the preferred 
embodiment are presented as follows: 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0006] FIG. 1A is a 3-D schematic drawing of a high transmittance 
sub-wavelength structure polarization module depicting a first preferred 
embodiment of the present invention. 

[0007] FIG. IB is a side view drawing of a high transmittance sub- 
wavelength structure polarization module depicting a first preferred 
embodiment of the present invention. 

[0008] FIG. 2 is a side view drawing of a high transmittance sub- 
wavelength structure polarization module depicting a second preferred 
embodiment of the present invention. 

[0009] FIG. 3 is a side view drawing of a high transmittance sub- 
wavelength structure polarization module depicting a third preferred 
embodiment of the present invention. 

[0010] FIG. 4A is a 3-D schematic drawing of a high transmittance 
sub-wavelength structure polarization module depicting a fourth preferred 
embodiment of the present invention. 

[0011] FIG. 4B is a side view drawing of a high transmittance sub- 
wavelength structure polarization module depicting a fourth preferred 
embodiment Of the present invention. 



DESCRIPTION OF THE PREFERRED EMBODIMENT 



[0012] Please refer to Figs. 1A and IB, which are a 3-D and a side- 
view drawings of a high transmittance sub-wavelength structure 
polarization module depicting a first preferred embodiment of the present 
5 invention, respectively. The polarization module 1 comprises: a 
transmission substrate 10, a plurality of collimation units 11, and a 
plurality of light sources. The transmission substrate 10 possesses a top 
and a bottom surfaces. The top surface has a plurality of projecting and 
sunken parts, wherein the sunken part has a first sub-wavelength structure 

10 13 disposed thereon and the projecting part has a second sub- wavelength 
structure 12 disposed thereon. The collimation units 11 are arranged on 
the bottom surface corresponding to the positions of the sunken parts that 
the collimation units 1 1 are collimation lenses capable of guiding the light 
into the sunken parts. The light sources have at least two polarizations (i.e. 

15 a P-polarized and a S-polarized light), which are arranged beneath the 
collimation units 1 1 that the light emitting from the same can be guided to 
the the sunken parts. The transmission substrate 1 0 possesses a top surface 
having a plurality of projecting and sunken parts and a bottom surface, 
wherein the projecting and the sunken parts are integrally formed of a 

20 same material while the projecting parts are slightly higher than the 
sunken parts. The transmission substrate 10 is made of a light- 
transmissible material (glass is used in the preferred embodiments of the 
present invention, but a light-transmissible plastic can be used as well. 
Other light-transmissible materials can also be adopted, while these 

25 variations are within the spirit and scope of the present invention and will 
not be discussed further.). A plurality of bar-type first grates 131, each 
having different width, are disposed on the sunken parts with a first 
trenches 132 separating every two first grates. The width of the first trench 
can be different. In addition, all the widths of the first grate 131 and the 

30 first trench 132 are smaller than the wavelength of the light emitted from 
the light source, and the first grate 131 can be made with Si0 2 . The plural 
first grates 131 are arranged on the sunken part to compose a first sub- 
wavelength structure and together forming a first grating structure. In this 
regard, the beam will be diverted when it passes through the first sub- 
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wavelength structure 13. By changing the size, shape, and separation of 
the first grates 131 of the first sub-wavelength structure 13, the first 
grating structure can have different affect on the light passing through the 
same. In the present preferred embodiment, the first sub-wavelength 
structure 13 is a beam splitter that the light with two polarizations emitted 
from the light source can be separated, such that the light with one 
polarization will pass through the first sub-wavelength structure 1 3 while 
the direction of the light with the other polarization will be diverted. 

[0013] Moreover, the projecting parts have a plurality of bar-type 
second grates 121. The width of the second grate 121 is smaller than the 
wavelength of the light and the second gratel21 can be made of Si0 2 . The 
second grate 121 is arranged on the sunken part to compose a second sub- 
wavelength structure 12 an together forming a second grating structure. In 
this regard, the beam will be diverted when it passes through the first sub- 
wavelength structure 12. By changing the size, shape, and separation of 
the second grate 121 of the second sub-wavelength structure, the second 
grating structure can have different affect on the light passing through the 
same. In the present preferred embodiment, the second sub-wavelength 
structure 12 is a polarization retardation element that the light will have a 
phase retardation while passing through the same, that is, a polarized light 
will be changed into a light of different polarization. 

[0014] When operating the polarization module 1 according to the 
present embodiment, the light source emits light consisted of both P- 
polarized light and S-polarized light that is guided into the sunken part of 
the transmission substrate 10 by the collimation units 11 while the 
projecting part receives none. The plural first grates 131 of the first sub- 
wavelength structure 13 separates the P-polarized and S-polarized light as 
the light passes through the first sub-wavelength structure 13 in a way that 
the S-polarized light will be diverted to the projecting part while the P- 
polarized light will pass through the first sub- wavelength structure 13. 
Moreover, the diverted S-polarized light will be directed to the second 
sub-wavelength structure 12 after entering into the projecting part, and 
thus is converted into a P-polarized light since the second grates of the 
second sub- wavelength structure 12 enable the passing S-polarized light to 



have a phase retardation. Therefore, as the light from the light source 
(including both the P-polarized light and the S-polarized light) passes 
through the polarization module 1, the P-polarized light will pass through 
and the S-polarized light will be converted into the P-polarized light. 
5 Hence, a pure P-polarized light can be obtained at the top of the 
polarization module without losing any S-polarized light such that higher 
polarization efficiency can be achieved. Although the first grates of the 
first sub-wavelength structure 13 of the present preferred embodiment is 
designed for the P-polarized light to pass through while diverting the 

10 direction of the S-polarized light, it can be designed in the opposite way 
that the S-polarized light is allow to pass while diverting the direction of 
the P-polarized light. Moreover, the grating structure of the second sub- 
wavelength structure 12 can also be changed according to the first sub- 
wavelength structure 13 (so that the P-polarized light can be converted 

15 into the S-polarized light, or vice versa.) 

[0015] Please refer to Fig. 2, which is a side view drawing of a high 
transmittance sub-wavelength structure polarization module depicting a 
second preferred embodiment of the present invention. The difference 
between the second embodiment and the first embodiment is that the first 

20 sub- wavelength structure 13A of Fig. 2 is a beam splitter with ladder 
structure and the second sub- wavelength structure 12A is a polarization 
retardation element. The light source emits light with both P and S- 
polarized light that is guided into the sunken part of the transmission 
substrate 10A by the collimation units 11 while the projecting part 

25 receives none. The first grates of the first sub- wavelength structure 13A 
separates the P-polarized and S-polarized light as the light passes through 
the first sub-wavelength structure 13 A, and the S-polarized light will be 
diverted to the projecting part while the P-polarized light will pass through 
the first sub-wavelength structure 13 A. Moreover, the diverted S- 

30 polarized light will be directed to the second sub-wavelength structure 
12A after entering into the projecting part, and thus is converted into a P- 
polarized light since the second grates of the second sub-wavelength 
structure 12A enable the passing S-polarized light to have a phase 
retardation. 
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[0016] Please refer to Fig. 3, which is a side view drawing of a high 
transmittance sub-wavelength structure polarization module depicting a 
third preferred embodiment of the present invention. The difference 
between the third embodiment and the first embodiment is as following: 
the first sub- wavelength structure 13B is arranged at the bottom surface of 
the transmission substrate 10B, and the second sub- wavelength structure 
12B is arranged at the top surface of the transmission substrate 10B, in 
addition, the collimation units 11 are arranged beneath the first sub- 
wavelength structure 13B. The light source emits light with both P and S- 
polarized light that is guided to the first sub- wavelength structure 13B 
disposed at the bottom surface of the substrate 10B by the collimation 
units. The first grates of the first sub-wavelength structure 13B separates 
the P-polarized and S-polarized light as the light passes through the first 
sub-wavelength structure 13B, and the S-polarized light will be diverted to 
the second sub-wavelength structure 12B while the P-polarized light will 
pass through the first sub- wavelength structure 13B. Moreover, the 
diverted S-polarized light will be directed to the second sub-wavelength 
structure 12 after entering into the projecting part, and thus is converted 
into a P-polarized light since the second grates of the second sub- 
wavelength structure 12 enable the passing S-polarized light to have a 
phase retardation 

[0017] Please refer to Figs. 4A and 4B, which are a 3-D and a side- 
view drawings of a high transmittance sub-wavelength structure 
polarization module depicting a fourth preferred embodiment of the 
present invention, respectively. The difference between the fourth and the 
first embodiments is as following: both the first grate 13 1C and the second 
grate 12 1C are not bar-type grates, but are 2-D grating structures formed 
by a plurality of blocks, such that the grating structure with function of the 
beam splitter and that of the polarization retardation element can be 
acquired by changing the size, shape, and separation of the block. In the 
fourth preferred embodiment, the first sub- wavelength structure 13C is a 
beam splitter and the second sub-wavelength structure 12C is a 
polarization retardation element. The light source emits light with both P 
and S-polarized light that is guided into the sunken part of the 



transmission substrate IOC by the collimation units 11C while the 
projecting part receives none. The first grate of the first sub-wavelength 
structure 13C separates the P-polarized and S-polarized light as the light 
passes through the first sub-wavelength structure 13C, and the S-polarized 
light will be diverted to the projecting part while the P-polarized light will 
pass through the first sub-wavelength structure 13C. Moreover, the 
diverted S-polarized light will be directed to the second sub-wavelength 
structure 12C after entering into the projecting part, and thus is converted 
into a P-polarized light since the second grates of the second sub- 
wavelength structure 12C enable the passing S-polarized light to have a 
phase retardation. However, since the sizes of the first and the second- 
grates of the high-transmission sub-wavelength structure polarization 
module are both smaller than the wavelength of the light emitted from the 
light source, these optical elements are called sub-wavelength optical 
elements (SOE) that the nanometer-scale fabrication technology is 
required for making the same. Therefore, to fabricate the the' high- 
transmission sub-wavelength structure polarization module of the present 
invention, first is to produce a mask with the negative of the desired 
nanometer pattern utilizing the nanoimprint lithography, then the mask is 
used to print the wafer covered with the protection layer (i.e. a 
photoresist), finally, after separating the mask, the photoresist is removed 
by reactive ion etching to transfer the nanometer pattern onto the 
transmission substrate, in addition, a post-printed process is then used to 
improve the quality by adding metal layers. The process uses direct 
physical process to produce nanometer pattern without using any energy 
beam, so that the effects of diffraction, scattering, and interference due to 
the small size of the grate are eliminated. Moreover, the mask can be 
reused to profit in mass production, and the high-transmission sub- 
wavelength structure polarization module of the present invention can be 
modulized by utilizing the nanoimprint lithography without manual 
assembly capable of being used in many optical devices (ex. LCD). 

[0018] While the preferred embodiment of the invention has been set 
forth for the purpose of disclosure, modifications of the disclosed 
embodiment of the invention as well as other embodiments thereof may 



occur to those skilled in the art. Accordingly, the appended claims are 
intended to cover all embodiments which do not depart from the spirit and 
scope of the invention. 
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